of the wind. Wind mixes the dry and the moist, the cold
and the warm and in the process destroys some of the
diversity of conditions that makes uniform protection dif
ficult to provide.
Evaporation consumes energy. It is accelerated by dry
wind. However evaporation produces water vapor which
is quite buoyant. The resulting rising plumes of vapor tend
to organize a vertical structure to the layers of air through
which they move, and this vapor island effect deflects wind
much as does the canopy. Circulations within the canopy
driven by vapor plumes distribute moisture throughout
the canopy. This mixing within the canopy makes the
canopy appear more dense to the approaching wind. Evap
oration may be playing the leading role in a process that
distributes the effect of under-tree sprinkling upward in
the canopy beyond anything that the fusion models have
visualized.
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Abstract. Management problems and information needs of
Florida's approximately 12,000 citrus growers on 791,290
acres were identified by a statewide citrus management sur
vey. During the summer of 1992, citrus county agents' mailing

lists were compiled to create a master list of 2,964 addresses,
from which a sample of 833 growers was selected by a
stratified proportional sampling procedure. Three hundred
ninety-eight useable questionnaires were returned from com
mercial citrus grove owners and managers in 23 citrus produc
ing counties, representing 307,022 acres, 39% of the current
acreage. Survey data on general management, young tree
care, pest management, water management and cofld protec
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tion was further analysed by whether respondents' acreage
was bedded or unbedded. Information from this citrus survey
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and previous ones has been used to develop and evaluate
comprehensive extension programs in the above areas as part
of the IFAS overall effort in "Challenge '95, Excellence in
Florida Extension Programs."

Given the size and diversity of the Florida citrus industry,
research and extension faculty have frequently conducted
surveys, based on both sampling methods and personal
interviews, to identify production problems and informa
tion needs and to quantify current production practices.
Surveys have been conducted on Florida citrus nursery
practices (Castle and Ferguson, 1982; Williamson and Castle,
1989), young tree care (Jackson et al., 1986), annual tree
loss (Muraro, 1988), nutrition and fertilization of bearing
groves (Tucker et al., 1990), occurrence of the citrus nematode (Ferguson, 1984), the citrus root weevil (Israel et al.,
1991), incidence of Phytophthora in citrus nurseries (Sitko
et al., 1987), weed control in the Indian River area (Spyke
et al., 1977), commercial organic citrus growers (M. E.
Swisher, University of Florida, personal communication)
and the biennial commercial citrus inventory surveys con

ducted by the Florida Agricultural Statistics Service since
1966 (Florida Agricultural Statistics).
When the Institute of Food and Agricultural Sciences,
University of Florida began to formulate specific, goaloriented extension programs in commodity departments,
a statewide citrus extension program, "Citrus Management

in Florida" was developed in 1987. Baseline data in 5 pro
duction and discipline areas—young tree care, pest man

agement, water management, cold protection and business
management—was obtained through a mailed survey
drawn from a sample of 3,560 citrus producers and used
to design extension programs for a long range plan of
work from 1987-1991 (Jackson, 1988). Focusing on areas
similar to those of the 1987 document, a shorter, follow-up
survey conducted in 1992 and reported in this paper, pro
vided information to both evaluate the first 4-year plan of
work and define extension priorities for the second 4-year
plan from 1992 to 1995.
Materials and Methods

To obtain a representative cross section of the Florida
citrus industry, county agent mailing lists were compiled

from 23 counties where citrus is commercially grown to
create a master address list. After duplicate and inappro
priate entries were removed, 2,964 addresses remained. A

stratified proportional sampling procedure was used to
obtain a sample of 833 growers. Three hundred eighty-nine
useable questionnaires were returned, providing an expected
error rate of ±4.7% with a 95% confidence interval. Re
sponses from 374 respondents, who indicated that they held
major decision-making responsibilities for a commercial
citrus operation of ten acres or more, were included in
the survey.

The Total Design Method of gathering survey informa
tion as developed by Dillman (1978) was used to guide the
survey process. The survey instrument consisted of infor
mational and multi-item, scaled questions. Concepts were

developed by state and county extension faculty with sur
vey design, question format and data analysis done by fac
ulty in the Extension Program Evaluation and Organiza
tional Development Unit. Questions focusing on general
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management were followed by sections on young tree care,
pest management, water management and cold protection.

Each questionnaire provided 339 response options.
Data were analysed according to frequency—the number
of times an option is chosen—and percent—the number of
times an option is chosen divided by the total number of
respondents who answered that question. Ranked lists
were determined by first weighting the response options
(a response at one end of the scale would be weighted five,
a response at the other end weighted one) then multiplying
the frequencies of the options by their weightings. For each
question, the weighted values from each point along the
option scale were added together to arrive at a weighted
total that could be ranked among other weighted totals. On
each figure n = number of respondents for that question.
Since citrus is grown in Florida on both the deep, welldrained, sandy soils of the central Florida ridge with un
bedded groves and the shallow, poorly-drained flatwoods
soils of southern Florida with bedded groves, responses to

certain questions were further analysed by these regional
categories. In specific questions, the numbers of bedded
and unbedded acreage may not add up to the total acreage
since not all respondents answered all questions.
The survey form and all follow-up correspondence
were sent from the Extension Program Evaluation Unit in
Gainesville. Separate mailings were made in the following
order: a prenotification postcard informing each individ
ual of the forthcoming survey; the questionnaire and cover
letter with postage-paid business reply envelope; an im
mediate follow-up letter, another survey form and business
reply envelope to those not responding within 14 days.
Identification numbers were assigned to all individuals sur
veyed. These numbers were placed on questionnaires to
allow follow-up of non-respondents. Confidentiality of re
sponse was assured in the cover letter.
Results and Discussion

General management. Of the 374 respondents who indi
cated they held major decision-making responsibilities for
a commercial citrus operation of ten acres or more, 24%
owned an average of 189 acres but were not involved in
day-to-day operations; 57% owned and managed an aver
age of 488 acres and managed an average of 1,557 acres
for others; 19% were managers only.
More growers (68%) produce oranges for the processed
market than for the fresh market (18%), with more growers
on unbedded groves (95%) producing oranges for either
market than on bedded groves (73%). A smaller percent
age of all growers surveyed produce grapefruit for the
fresh (12%) and the processed market (1%). Twenty-four
percent of these fresh grapefruit growers are located on
bedded groves, with only 2% on unbedded land (Table 1).
Less than 1% of all surveyed growers produce mandarins
or mandarin hybrids, with about 1% of those growers on
bedded and 2% on unbedded acreage (Table 1).

Different spray programs are recommended for fresh
and processed citrus. However, this does not preclude fruit
grown for the fresh market from being diverted to the
processed market or vice versa. Forty-one percent of all
growers divert crops grown under fresh fruit programs to
the processed market. Thirty-eight percent of all growers
send crops grown under a processed program to the fresh
market. However, more growers with unbedded groves
71

Table 1. Fruit Production for Fresh and Processed Markets.7

Weighted Responses
JUU

Growers (%)
Bed*

Oranges
Fresh
Processed
Grapefruit
Fresh
Processed
Mandarins and

14

Acreage

Unbedx

Bed

Unbed

Total

59

19
76

26,907
119,490

12,944
41,092

40,211
163,078

24

2

2

24,392

1,513

1

506

1

2

65

52
281

25,964
588
364

mandarin hybrids
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zMean ± 4.7% at 59o level.
yBedded groves.
xUnbedded groves.
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Fig. 2. Ranking of information needs of growers with unbedded

(49%) send fresh fruit to processed markets than do grow

ers with bedded groves (34%).

When asked to identify their five most important infor
mation needs, growers with bedded groves specified pest

management, cost effective chemicals, marketing, govern

ment regulations and water management (Figure 1) where
as those on imbedded groves choose pest management,
cost effective chemicals, cold protection, fertilization/liming
and water management (Figure 2). In a related question
growers said they relied upon fertilizer and pesticide rep
resentatives (57%), University of Florida (IFAS) personnel
(54%), IFAS publications (54%), other growers and mana
gers (54%), industry meetings (50%), trade magazines (49%),
consultants (28%) and the futures market (9%) for making
production and marketing decisions (Figure 3). Given a
list of current issues pertaining to citrus production and

groves (n = 160).

2,644 unbedded. Seven percent use treated sludge on
17,236 acres, 16,130 bedded and 1,006 unbedded. Only

two percent of all respondents use treated wastewater on

2,593 acres, 1,778 bedded and 735 unbedded. The total

acreage treated with manures, sludges and municipal
wastes, 33,830 acres total, represent 4.3% of the total citrus
acreage.

Young tree care. A young tree is defined here as a typical

citrus nursery tree planted in the field for up to three
years. Sixty-three percent of all young trees purchased are
bare root and 37% are containerized. Forty-one percent of

growers buy only bare root trees; 19% buy only con

tainerized trees; 40% buy both types of nursery trees.
Growers with bedded groves reported fire ants, weed
control, foot/root rot, cold protection and insect pests to be
management, more than 80% of respondents said they
the top five problems in young tree care (Figure 4), with
thought pesticide/water use restrictions and foreign com
the most common causes of tree death being foot/root rot,
petition would increase over the next 10 years and that
fire ants, cold damage, poor planting methods and inade
land availability (80%) and labor availability (53%) would
quate irrigation (Figure 5). Growers with unbedded groves
decrease. In a related question, greater than 70% said pes
ranked cold protection as the most important problem,
ticide/water restrictions and foreign competition would
followed by fire ants, weed control, mites and foot/root rot
have a negative effect on citrus operations, along with 31%
(Figure 6), with the most common causes of tree death
who felt land and 55% who thought that labor availability
being cold damage, fire ants, foot/root rot, inadequate ir
would also have a negative impact. At the same time, 95%
rigation and poor tree condition at planting (Figure 7).
of growers thought that restrictions on water usage, pes
Growers statewide reported an average 4% death rate for
ticide application and other related issues to protect the
resets (young trees that replace trees that have died).
environment were at least somewhat necessary. Approxi
mately nine percent of all respondents use livestock or
poultry manure on 14,001 acres, 11,305 of them bedded,
1. Fertilizer/Pesticide Representatives
2. University of Florida Personnel
3. IFAS Publications
500

% of Growers
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400
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Fig. 3. Sources of information for production and marketing decisions

(n = 375).
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Fig. 5. Ranking of the causes of young tree death for growers with
bedded groves (n = 165).

Weighted Responses

Fig. 6. Ranking of young tree care problems for growers with imbed
ded groves (n = 148).

On the average, trees are spaced 15 feet (± 6 feet) apart
within the row and 24 feet (± 4 feet) apart between rows,
indicating a considerable variation in tree spacing for orange
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and grapefruit trees. A 15 x 24 spacing equals 121 trees
per acre. Using the above standard deviations, spacings of

21 x 28 and 9 x 20 would produce 74 and 242 trees per
acre, respectively. Both bedded and unbedded trees at 2,
3, 4 and 5 years of age produce on the average 0.45, 0.55,
1.5 and 2.5 90-pound boxes of fruit, respectively.
Following planting, 62% of growers use water-soluble
dry fertilizers, 35% use controlled release materials and
49% fertigate. Of those using fertigation, 1% use it daily,
30% weekly, 43% biweekly and 26% monthly. The five
most commonly used cold protection methods for young
trees are irrigation (64%), wraps (40%), irrigation with
wraps (40%), soil banks (28%) and, no protection (7%).
Pest management. An overwhelming majority (98%) of
the survey respondents apply the following types of chem
icals for weed control near their young trees approximately
twice per year: burn down (i.e. paraquat), soil residual/
burn down (i.e. bromacil 4- diuron/paraquat), soil residual
(i.e. norflurazon), and systemic herbicides (i.e. glyphosate).
Growers were then asked if the number of weed species
that cannot be controlled with currently available her
bicides is increasing, decreasing or not changing. Forty-one
percent of growers with bedded and 34% of growers with
unbedded acreage said the number is increasing; no
change was indicated by 48% of bedded and 54% of un
bedded growers; a decrease was noted by bedded (11%)
and unbedded (12%) producers. For weed management in
row middles, 54% use only mechanical methods, with 40
and 6% using mechanical/chemical and chemical methods
only, respectively.
Fifty-one percent of the respondents apply approxi
mately seven treatments per year to control fire ants on
young trees and 62% apply systemic fungicides to control
foot/root rot. Forty-five percent of growers surveyed sam
ple for nematodes but only 31% apply nematicides. Of
those who use nematicides, 38% apply aldicarb and
fenamiphos and 66% of this group apply these materials
annually, 16% every 2 years and 8% every 2 out of 3 years.
These materials are applied by 56% of growers from trunk
to dripline, 27% at the dripline only, 7% from trunk to
73

trunk only and 5% to row middles. Approximately half of
those using aldicarb and fenamiphos said they use them at
less than maximum rates.
Water management and cold protection. Ninety-three per
cent of all growers had irrigation systems of the following
types: microsprinklers (79%) on 70% of the acreage, drip
(16%) on 10% of the acreage, flood/seepage (13%) on 11%
of the acreage, overhead (12%) on 6% of the acreage, port
able or self-propelled guns (4%) on 0.80% of the acreage,
and under tree rotary (2%) on 0.15% of the acreage. The
percent growers reporting types of irrigation totals more
than 100% since some growers have more than one type
of irrigation system. Approximately 60% of respondents
said that water quality was not a problem. Those who iden
tified water quality as a problem specified bacteria or algae
(52%), iron or sulfur (44%), dissolved solids (43%) and
non-waterborne particles (34%). Some respondents were
unsure of the specific cause of their water problems and a
few cited high pH as a concern.
The five most important factors bedded growers use to
determine when to irrigate bedded groves are soil appear
ance, number of days since last rain, tree wilting, the ac
counting method and other scheduling methods, with the
first two items reversed for unbedded growers. Low vol
ume irrigation systems were run most frequently during
the spring (2.3 times per week), and 1.8, 1.7 and 1.6 times
per week during the summer, fall and winter, respectively.
Almost all respondents (97%) irrigated their resets, most
commonly with microsprinklers (87%), volume gun (23%)
and water wagons (14%). Over half of the citrus producers

(57%) surveyed designed their irrigation systems for fertigation and/or chemigation. Of this population 94% in
jected fertilizers, 42% fungicides, 35% herbicides and 24%
insecticides. The five most important information needs
concerning cold protection were correct freeze forecasts,
using irrigation for cold protection, interpretation of fore
casts, use of current frost protection methods and the use
of tree wraps. Half of the growers surveyed indicated that
the National Weather Service was their primary source of
Weather Information, with 27% using tv/radio sources and
13% using local extension offices.
The most common cold protection method for mature
groves was microsprinkler irrigation systems (74% of grow
ers), with 18% using flood/seepage, 17% using no cold pro
tection methods, 5% using heaters, and 3% using wind
machines. Bedded growers who use irrigation systems for
cold protection could run drip systems on an average of

751

acres,

flood/seepage on

1,068

acres and

micro

sprinklers on 819 acres. Growers with unbedded groves
could run drip irrigation on 89 acres, flood/ seepage on
139 and microsprinklers on 143 acres. Thirty-five percent
of growers who use irrigation to protect young trees from
cold turn on their irrigation systems at temperatures from
36-40F, with 43% doing so at 33-35F. Thirty-three percent
turn off their systems at 40-45F and 45% do so at 35-39F.
When microsprinklers are used during months when
freezes can occur, bedded growers use an average of 12
gallons per tree per hour for an average of 36 hours dur
ing the winter months. Those with unbedded groves use
an average of 13 gallons per tree per hour for an average
of 42 hours. When microsprinklers are elevated for cold
protection, 55% of bedded growers place emitters at less
than 12 inches, 7% at 12 to 24 inches and 6% at 25 to 36

74

inches. Forty-nine percent of unbedded growers place
emitters at less than 12 inches, with 37% at 12 to 24 inches
and 11% at 25 to 36 inches.

Although the 2 previous citrus management surveys
(Jackson et al., 1986; Jackson et al., 1988) and the current
one differ in design and comprehensiveness, data from
similar survey questions provide information for extension
and research programing. Major production problems
identified by growers, with some regional emphasis, in
clude pest management, cold protection, government reg
ulations, labor, selection of cost effective chemicals and
water management. Similarly, important young tree con
cerns include cold protection, fire ants, weed control foot/
root rot, and insect pests. Young tree mortality in all 3
surveys range from 0-100% per year, with a mean of about

4%. Although the same percentage of growers applied
treatments for fire ants and weed control since 1987, more
growers used systemic chemicals to control foot/root rot in
1992 (62%) than in 1987 (30%). Although growers thought
the increasing number of pesticide regulations would have
a negative inpact on grove operations, interest in environ
mental concerns, biological control and sustainable agricul
ture ranked relatively low in the current survey. Microsprinkler irrigation is used on more acreage now (70%)
than 5 years ago (39%) but irrigation decisions are still
based primarily on general observations of soil moisture,
tree wilting and incidence of rainfall than on any account
ing or scheduling method. Irrigation, either alone or in
combination with other methods, remains the most widely
used method of cold protection for young trees. Growers
continue to rely heavily on the National Weather Service
and commercial tv/radio for reports and interpretation of
weather and rank highly the need for information on cur
rent cold protection methods.
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